Abstract. Among the various nanoparticles reported for commercial applications, considerable interest has been generated by the use of silver nanoparticles. Owning to extremely small size, silver nanoparticles exhibit enhanced properties when compared with the bulk material. In this research work, silver nanoparticles were prepared by the reduction of silver salt with a reducing agent by a solvothermal method using different solvent mediums such as ethanol, hexane, toluene and acetone with water. The prepared silver nanoparticles were characterized systematically by X-ray diffraction (XRD), particle size analysis and scanning electron microscope (SEM). The results revealed the formation of pure silver phase and nano-sized particles. Among the different solvent mediums used, the silver nanoparticles prepared by hexane and water as solvent mixture resulted in very low particle size.
Introduction
In recent years, noble metal nanoparticles have been the subjects of focused researches due to their electronics, optical, mechanical, magnetic, chemical and biotechnological properties that are significantly different from those of bulk materials (Mazur 2004) . Silver and its compounds have been used since the age of the ancient Egyptians, when silver vessels were used to preserve water and wine (Jorge García-Barrasa 2010) . Silver nanoparticles have large surface areas and high reactivities compared with the bulk solid; thus, they exhibit remarkable physical, chemical, and biological properties, such as an increased catalytic activity because of their highly reactive facets (Nadia 2010) . Recently, silver has attracted great attention due to its applications in medicinal field as anti-microbial agents (Raffi 2008) . Silver, being an antimicrobial agent, has a history in wound healing dating at least 2000 years, since ancient Greece and Rome, owing to its low toxicity to human cells. For example, Berger et al. (Berger 1976) found that all 16 bacterial species they tested, including Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus, were inhibited by 1.25 μg/mL silver (Ag + ), while 4 μg/mL silver (Ag + ) did not exhibit any obvious detrimental effects to mouse bone marrow cells (as a susceptible normal mammalian system).
Corresponding author, Professor, E-mail: drsamson@karunya.edu a M.Sc. Student, E-mail: venkateswaraguptha@gmail.com A number of synthetic methods for achieving controlled production of silver nano particles have been reported in the literature, but the quest is still on for more easier and commercially viable methods for production of these important nano materials. Guzmán et al. (2009) have prepared the silver nanoparticles by chemical reduction method. Silver nitrate was taken as the metal precursor and hydrazine hydrate as a reducing agent. The formation of the silver nanoparticles was monitored using UV-Vis absorption spectroscopy. Ana and Zhang (2008) have prepared the Polyvinyl alcohol (PVA) nanofibers containing silver nanoparticles by electrospinning PVA/silver nitrate (AgNO 3 ) aqueous solutions, followed by short heat treatment. Min et al. (Min 2006) have prepared the silver nanoparticles using nano-carbon as active template. Special ultrasonic condition was used to assure the active effect of the template and achieve an even and stable micro-reactor system, therefore yield uniform silver nanoparticle without obvious agglomeration. Wasif and Laga (2009) have attempted to provide antimicrobial finishing on cotton woven fabric using nano silver solution. Tiwari and Behari (2009) have studied the incorporation of silver nanoparticles (Ag-NPs) in fabrics, as anti-bacterial and fungal agent, has become a flourishing technology. Kim et al. (2009) have made to impart antimicrobial finishing on cotton woven fabric using nano silver solution, at various concentrations. Apart from the above literature, research efforts are being focused towards reducing the particle size of the silver particles for various applications. The present work is one such effort to synthesize silver nanoparticles by a novel solvothermal reduction process with different solvent mediums such as ethanol, hexane, toluene and acetone with water. The prepared silver nanoparticles are systematically characterized by X-ray diffraction, particle size measurements and scanning electron microscope.
Experimental
The reagents such as 0.1 M silver nitrate (1.6989 g AgNO 3 is dissolved in 100 ml of distilled water or ethanol) and 0.1M sodium borohydrate (0.37 g NaBH 4 is dissolved in 100 ml of distilled water or ethanol) are prepared carefully. The silver nitrate (AgNO 3 ) solution 100ml) is taken in a round-bottom flask (RB flask) (500ml capacity). The RB flask is covered with black cloth to avoid photochemical reduction of AgNO 3 . Then, the RB flask is fitted with a magnetic stirring apparatus. To the above silver nitrate solution, sodium borohydrate solution (100ml) is added very slowly with a continuous stirring. The above mixture is thoroughly mixed for about 1 hour in the magnetic stirring apparatus. During which, the following chemical reduction reaction will take place (Ki Chang Song 2009).
Due to the formation silver metal particles, the colour of the solution is turned as grey as reported (Christian et al. 2010) . After this grey colouration, a suitable solvent mixture (ethanol or toluene or acetone or hexane) (100 ml) is added slowly to the above mixture. It is reported that the particles can result in a nanosized range when they are refluxed in a suitable solvent (Pablo et al. 2010) . Hence, the RB flask is fitted with a condenser and refluxing is carried out for about 40 hours continuously at the temperature of 80 o C. After 40 hours of refluxing, the resultant silver nano particles are filtered suitably and air dried for further characterization. The flow chart to prepare silver nanoparticles by solvothermal process is indicated in Fig. 1 . The powder XRD study was carried out using a Shimadzu XRD6000 X-ray diffractometer using CuK radiation. The unit cell parameters were calculated from the XRD data. The crystallite sizes of the silver nanoparticles were calculated by Scherrer"s formula. The particle size of the powder was measured using a Malvern Particle Size Analyzer using triple distilled water as medium. The morphology of the particles was studied by means of JEOL Model JSM-6360 scanning electron microscope (SEM).
Results and discussion

Structure from powder X-ray Diffraction (XRD)
Figs. 2 (a)-(e) shows the XRD patterns obtained on silver nanoparticles prepared by solvothermal process with different solvent mediums, such as, ethanol+water; hexane + water, toluene + water; acetone +water and pure ethanol and which are indexed to the face centred cubic (FCC) geometry. The XRD patterns of silver are compared with the standard JCPDS data . The lattice parameter is calculated from 2θ values in the X-ray diffraction pattern. The crystallite sizes of the powder are calculated from the X-ray diffraction peak intensity analysis 
In Eq.
(1), D is crystallite size in nm, λ is the radiation wavelength (for CuKα radiation, λ=1.5418 Å ), θ is the diffraction peak angle and β is the broadening of the line ("half width") measured at half its maximum intensity (in radians). Theoretical or X-ray density has been calculated (in gcm -3 ) using the lattice parameters with the formula
In Eq. (2), M (in atomic-weight units) is the mass of atomic ensemble constituting one unit of the chemical formula, z is the number of such chemical units in one unit cell of the crystal, N is the Avagadro"s number and V (in Å 3 ) is the volume of the crystalline unit cell as determined by X-ray diffraction. Varshney et al. (2009) have synthesized silver nanoparticles through a biotechnological route using fungus Hormoconis resinae and shown that the sample exhibited FCC geometry. Jiang et al. (2005) have prepared dendritic silver nanoparticles by a soft solution technique from the aqueous solution of silver nitrate and poly (vinyl pyrrolidone) (PVP) in the presence of ethanol used as a reducing agent and found that the sturucture as FCC. Ganesh Babu and Gunasekaran (2009) have produced crystalline silver nanoparticles from Bacillus cereus (0). No other peaks corresponding to any other impurity are observed in the XRD patterns of the silver particles synthesized by solvothermal process in different mediums. The crystallographic properties obtained on silver nanoparticles prepared by solvothermal process with different mediums are presented in Table 1 . From the crystallographic data, it was understood that the observed unit cell parameter (=a) for all the samples are in agreement with the reported JCPDS data except with small deviations. However, it was found that the unit cell parameters of silver nanoparticles prepared with the solvent mixtures hexane with water and toluene with water are found to be larger. Since hexane and toluene are non-polar solvents, they are immiscible with water, because water is a polar solvent. Hence, immiscible solvent mixture can influence the structural characteristics of the sample. From the XRD data, it was found the samples prepared with miscible solvent mixtures resulted in unit cell parameters which are in good agreement with the reported JCPDS data. There is no trend observed from the observed density data. The XRD peak broadening shows that the crystalline sizes of the resulting silver nanoparticles remained small except the sample prepared with acetone + water system. The values ranged between 10-33 nm. The density and crystallite size values obtained are in accordance with the data reported earlier (Zhou et al. 2009 ).
Particle characteristics
The prepared silver particles were subjected to particle size measurements using Malvern particle size analyzer with triple distilled water as medium. For all the measurements, 0.20 g of sample is sonicated in 200 ml triple distilled water for about 5 minutes and after that the sample is subjected for particle size analysis. The particle size distribution curves (based on volume) of silver are shown in Figs. 3 (a) -(e). The particle size data is given in Table 2 . From the particle characteristics of the silver nanoparticles, it was found that the particles are present in the nm range. As well as, it was clearly understood the particles are present in lower size range. Further, it was found that the particles prepared with immiscible solvent mixtures (hexane with water and toluene wit water) resulted in big particle size when compared with the particles with miscible solvent mixtures. From this, we came to know that the particles can agglomerate easily to become bigger size particles if they were present in immiscible solvent medium (Yadav and Yadav 2009 ). 
Microstructural studies
The surface microstructures of silver powder were studied with SEM. The arrangement of grains, size of grains, etc. were differed for the samples based on the preparative conditions. Figs. 4(a)-(e) shows the SEM photographs obtained on the silver nanoparticles in different solvent mediums. The grain size of silver prepared with ethanol + water mixture is in the range of 100 nm (Fig. 4(a) ). From the Fig. 4(b) , it was understood that the grain size is in the range of 54-80 nm. Also, in Fig. 4 (b) (prepared with hexane + water mixture), the grains are not present separately rather they are present together. In Fig. 4 (c) (prepared with toluene + water mixture), it was found that the particles are present in the bigger size range (around 1 μm). In the sample prepared with acetone + water medium (Fig. 4(d) ), it was found that the grains are present in larger size range (more than 1 μm). For the sample prepared with pure ethanol as solvent medium, it was found that the grain size is in the range of 100-150 nm. As indicated in the XRD analysis and particle 
Conclusions
Synthesis of silver nanoparticles by solvothermal process using different solvents is dealt with. The powder XRD data obtained on silver powder is in good agreement with the standard reported XRD data. The particle characteristics data revealed the presence of nano sized particles in the silver powder. The Scanning Electron Microscope (SEM) studies also confirmed the presence of nano sized particles. The silver particles prepared with hexane + water medium have shown excellent particulate properties in total with all the measurements.
